v' The effect of hyperthermia on the development of the cerebral edema associated with cryogenic lesions was studied in monkeys. Exposure to a body temperature of near 104~ for a period of only 2 hours increased the edema by 40%. This effect was independent of the hypertensive action of hyperthermia but was intensified when the latter was present. It is suggested that, in human diseases known or thought to be associated with cerebral edema, fever should be vigorously treated.
i
x is known that the cerebral edema associated with cryogenic brain lesions in the monkey can be reduced by systemic hypothermia. 4'8 The experiments reported here were designed to determine whether increasing the body temperature would increase this type of edema. The relationship between this experimental model and human disease was considered in a previous paper? ~
Materials and Methods
Focal areas of hemorrhagic necrosis were produced in the brains of rhesus monkeys by freezing through the intact skull. The animals were given 25 microcuries of IX31-1abeled albumin (RISA) and Evans blue (1 ml/kg of a 2.5% solution) intravenously 15 minutes prior to injury. The systemic blood pressure and pulse were measured every 15 minutes from an aortic catheter and the body temperature from a rectal probe. Thirty minutes after injury, seven animals were placed on a hyperthermic blanket and the rectal temperature was raised to about 40~ This was maintained throughout the experimental period. No attempt was made to control the body temperature of a normothermic control group of eight animals.
Four hours after injury the animals were killed by an overdose of pentobarbital. The cerebral hemispheres were separated and weighed. The lesion size was determined from its surface area. The hemispheres were then homogenized separately and tissue samples analyzed for water, sodium, potassium, chloride, iron, radioactivity and Evans blue by methods previously described? Hemorrhage was assessed from the iron increment in the damaged hemisphere related to the concentration of iron in the peripheral blood. The brain stem and cerebellum were fixed by immersion in formalin and paraffin sections were prepared. These were stained by routine methods, including hematoxylin-eosin and luxol fast blue-periodic acid Schiff-hematoxylin. ,,"'~. 
Relation of fever to cerebral edema

Results
Following application of the hyperthermic blanket, the body temperature rose to near 40 ~ C within 90 minutes (Fig. 1 ). This was associated with an increase in the pulse rate. In the experiment illustrated, the systolic blood pressure rose from about 150 mm to as high as 190 mm. In some experiments, however, there was a decline in blood pressure (Fig. 2) . The terminal rectal temperature of the normothermic group ranged from 34.0 ~ to 38.5 ~ C, Quantitative data are given in the accompanying tables. The lesion size in the two groups is the same ( hyperthermic group, the difference is not statistically significant. In this and subsequent tables all increments in the damaged hemisphere are statistically significant when compared to the undamaged hemisphere.
Since the mean increments recorded in the tables are mean differences of paired observations (damaged vs undamaged hemisphere) the "t" may be obtained by dividing the mean by the standard error. On a unit weight basis, the damaged hemisphere of the hyperthermic group contains more sodium than the normothermic group but this is not the case for water or chloride ( Table 2) . The hyperthermic group also shows an increase in tissue RISA and dye uptake but neither difference is statistically significant (Table 3) .
Hyperthermia had no effect on the concentration of water and electrolytes in the undamaged hemisphere (Table 4 ). This is Fro. 3. Weight increment in the damaged hemisphere as related to changes in the systemic blood pressure.
contrary to the findings in the cat in which induced hyperthermia has been reported to result in an increase in brain sodium and chloride. 18 The peripheral blood showed, in general, the dilutional effects known to be associated with hyperthermia, 1 but the recorded differences are not statistically significant (Tables 5 and 6 ) and the serum potassium was not increased? The calculated blood and plasma volumes of the undamaged hemisphere are greater in the hyperthermic group (Table 7) , but the differences, again, are not statistically significant.
When expressed in absolute terms, both the water and the sodium increments are significantly greater in the hyperthermic group (Table 8) . The chloride change, while greater in the hyperthermic group, does not reach the level of statistical significance. The sodium and water changes remain significantly greater after correction for excess whole blood or excess red blood cells (RBC).
In the normothermic group, the systolic blood pressure varied by about 20% during the experimental period (Fig. 3) . The diastolic blood pressure showed similar changes. In previously published experiments on rhesus monkeys under identical control conditions, the blood pressure, based on means, varied by 18%? Recalculating the published figures on the basis of percentage change from the initial blood pressure in individual animals and adding the present group gives a mean change in systolic blood pressure of + 11.2% (S~ = 4.2, n = 11) for rhesus monkeys 4 hours after injury. Of the seven hyperthermic animals, three showed a diminished systolic blood pressure (-24%, S~ = 5.8) and four an increased systolic blood pressure (+40.3%, S.~ = 8.4). On the basis of the above figures, both 9 Significantly greater than the normothermic group at the 5 % level of probability. = standard error.
Numbers in parentheses
values are significantly different from the controis at the 1% level of probability.
The mean weight increment in the hypotensive-hyperthermic animals (3.8 gm, S~ = 0.1) is significantly greater than the mean weight increment of the four controls in which the blood pressure was measured (3.1 gm, S~ = 0.2) and significantly less than the mean weight increment of hypertensivehyperthermic animals (5.1 gm, S~ = 0.4). Following correction for RBC's, the general pattern remained unchanged. The means were now 3.4 gm (SX = 0.1) for the hypotensive-hyperthermic group, 2.8 gm (S~ = 0.06) for the controls and 4.6 gm (S~ = 0.3) for the hypertensive-hyperthermic group.
The sections from the central nervous system of the hyperthermic group showed no significant histologic abnormalities.
Discussion
Since the chemical data in this paper are based on total hemispherical analyses, the anatomic site of the increased hyperthermic increments must be regarded as an open question. This is the weakness of this method Of analysis, its strength lies in its ability to define total changes and relationships of the chemical variables. As to site, there are three possibilities, the necrotic lesion, the adjacent edematous but viable white matter, and the uninvolved portion of the damaged hemisphere. Since there is a definite area of vascular hyperpermeability in and around the lesion, 1~ it seems unlikely that the latter would be affected. This is further suggested by the failure to demonstrate electrolyte changes in the undamaged hemisphere. Morphologically, hemorrhage is confined to the lesion and the difference in the degree of hemorrhage is too great to be explained on the basis of intravascular changes in the damaged hemisphere. Furthermore, the data suggest vasodilatation in the undamaged hemisphere. The increment of hemorrhage may, therefore, be confidently assigned to the lesion.
The evidence that a disproportionate increase in tissue sodium, with respect to serum, is associated with cerebral necrosis was reviewed in a previous paper? Since the most striking chemical difference between the normothermic and hyperthermic groups was just such a disproportionate increase, we think it unlikely that the hyperthermic edema increment is confined to the edematous white matter. Uptake of albumin and Evans blue involves both the lesion and edematous white matter. 5 Direct analysis of edematous white matter in the dog has shown a disproportionate chloride increase (personal observation). It may be recalled that the chloride increment in the hyperthermic group was the smallest and, indeed, was not statistically significant. We, therefore, think it most likely that the edematous increment in the hyperthermic group involves both the lesion and the adjacent white matter but that the major part is within the lesion.
From the data given in Table 8 may be computed the concentration of sodium and chloride in the water of the edema fluid. Morphologically, the lesion area contains foci of hemorrhage, the plasma portion of which is in direct anatomic continuity with the edema fluid in the expanded extracellular space of the adjacent white matter. 7 In making those calculations, therefore, RBC corrected figures should be used. For chloride, figures of 128 mEq/kg for the control and 122 mEq/kg for the hyperthermic group are obtained. These are at least within the serum range of 120 mEq for the control group and 118 mEq for the hyperthermic group. A figure of 92% water for serum was assumed in making these calculations. For sodium on the other hand, the edema fluid value is 252 mEq for the control and 380 mEq for the hyperthermic group. These are clearly greater than the serum values of 150 and 146 mEq. Direct analysis of the edema fluid in the dog shows a value for sodium less than that of serum. 7 We have, therefore, concluded that a considerable portion of the sodium accumulating in the damaged hemisphere is associated with tissue proteins and is probably intracellular in position. This fraction is increased in the hyperthermic group possibly reflecting the increased metabolism associated with this state.
It has been shown in the cat with cryogenic lesions that elevation of the systolic blood pressure to 200 mm of mercury for a 2-hour period results in an increase in the associated edema as judged qualitatively by vital staining, xl It has further been shown by quantitative means that the edema is increased by 70% following elevation of the blood pressure to 180-230 mm of mercury for a one-hour period? In both cases the brain was exposed throughout the experimental period and the quantitative figures lack statistical significance. The fact that almost half of our animals showed increased edema in the absence of a demonstrable increase in the systemic blood pressure implies that hypertension is not primarily responsible for the added increment of edema. In those cases, however, in which hyperthermia produced systemic hypertension, the effect of hyperthermia on cerebral edema was potentiated. The fact that the two factors are additive suggests that they act by different mechanisms. Perhaps hypertension acts primarily by increasing the intravascular hydrostatic pressure and hyperthermia by increasing the vascular permeability along with blood flow. TM It may be recalled that pentobarbital anesthesia was maintained throughout the experimental period. In the cat, under these circumstances, the vascular autoregulatory mechanisms of the damaged hemisphere are impaired?
While there may be some doubt as to anatomic location, there is no doubt from the data presented that increasing the body temperature of an experimental animal with cerebral necrosis and edema markedly increases the total fluid in the damaged hemisphere. From a clinical point of view, these findings indicate that in human conditions in which cerebral edema or swelling is known or thought to play a significant role in the pathogenesis of the disease, fever should be vigorously treated.
